A carboxylesterase that hydrolyzes ML-236B (compactin) to ML-236A (ML-236B esterase) has been extracted from mycelia of Emericella unguis and purified to homogeneity by successive ammoniumsulfate fractionation, chromatography on DEAE-cellulose, gel filtration on Sephadex G-75 and preparative gel electrophoresis. The molecular weight of the purified enzyme was found to be~40,000 and its optimum pH to be around 8. Of the/?-nitrophenylesters with different C-chain lengths tested, /?-nitrophenylbutyrate (C4) was the best substrate for the enzyme. Since ML-236Bis an a-methylbutyryl ester of M1-236A,the data suggest that the E. unguis esterase is highly specific for the C4-chain length. /?-Naphthylacetate, tributyrin, olive oil and casein were not hydrolyzed. The ML-236Besterase was sensitive to 7V-ethylmaleimide and the organophosphate, DDVP,but resistant to eserine (carbamate), NaF and EDTA.
ML-236A and ML-236B (compactin) are specific inhibitors of 3-hydroxy-3-methylglutaryl
CoA reductase, the rate-limiting enzyme in the cholesterol synthetic pathway.1~3) In a previous study,4) a fungal strain, Emericella unguis, was shown to catalyze the hydrolytic conversion of ML-236B to ML-236A ( Fig. 1 ). In the present experiments, an esterase that catalyzes this reaction was isolated from mycelia of E. unguis and some of its properties were studied. The results indicate that the enzyme is specific for carboxylesters of C4-acyl chain length, and sensitive to inhibition by 7V-ethylmaleimide and an organophosphate, but resistant to carbamate.
MATERIALS AND METHODS

Materials.
/?-Nitrophenylesters with different acyl Cchain lengths, /?-naphthylacetate, B-ANAand molecular weight standard proteins for SDS-polyacrylamide gel electrophoresis (MW-SDS-200) were obtained from Sigma. Casein (Hammersten) was obtained from E. Merck.
Tributyrin, eserine (sulfate) and DTNBwere purchased from WakoPure Chemical Industries. TV-Ethylmaleimide was obtained from Nakarai Chemical Co. Sevin (1-naphthyl 7V-methylcarbamate) and DDVPwere supplied by Nihon Noyaku Co. ML-236A, ML-236B (compactin) and monacoline K (mevinolin) were obtained as described previously.40 Other chemicals were standard commercial products.
Enzyme assays. Esterase activity was determined by the following two methods. (1) was started by adding 30 /A of the enzyme solution to 1 ml of 50mMpotassium phosphate buffer, pH 8.0, containing 1 mM/7-nitrophenylbutyrate at 30°C. /7-Nitrophenol formation was monitored as the initial increase in absorption at 420nm using a Hitachi 320 spectrophotometer. One unit of enzyme activity was defined as the amount of enzyme that liberated 1 /rniol of p-nitrophenol per min under the conditions described above. Where indicated, pnitrophenylbutyrate was replaced by other /7-nitrophenylesters.
(2) The reaction mixture for the esterase assay, in which ML-236Bwas used as the substrate, contained (in a total volume of 0.3 ml) 50mMpotassium phosphate buffer, pH 8.0, 1 mMML-236Band an appropriate amount of enzyme. After incubation at 30°C for 120min, the reaction mixture was adjusted to pH 2~3 with trifiuoroacetic acid and then extracted with 1 ml of ethyl acetate (twice). The solvent layers were pooled, dehydrated with sodium sulfate and then dried in vacuo. The resultant residue was submitted to thin layer chromatography on a silica gel plate (Kieselgel 60, Merck). After development of the plate with a solvent system of dichloromethane-acetone (55 : 45), ML-236A was determined spectrophotometrically at 237 nmusing a thin layer chromatography scanner (Shimadzu, . One unit of enzyme was defined as the amount of enzyme that produced 1 /imol of ML-236Aper min under the conditions used. The hydrolytic activity with /?-naphthylacetate,6) tributyrin,7) olive oil,8) casein9) or B-ANA10) as the substrate was determined as described.
Production andpurification.
A preculture (500 ml) of E. unguis IFO 8087 was inoculated into 18.5 1 of a medium containing 1%glucose, 0.2% peptone, 0.1% meat extract, 0.1% yeast extract and 0.2% corn steep liquor (pH 6) in a 30-liter jar fermentor. After culturing aerobically at 25°C for 23hr, the mycelia were collected by filtration and frozen at -30°C. The frozen cells'(167.2g dry weight) were extracted twice with 2250ml of 0.2m potassium phosphate buffer, pH 8.0, overnight at 4°C. To the extracts (4,100 ml), ammoniumsulfate was added, and the precipitate that formed between 40 and 60% saturation was collected by centrifugation. The pellet obtained was dialyzed extensively against 20 mMpotassium phosphate buffer, pH 8.0, and then applied to a DEAE-cellulose column (4 x 15 cm) previously equilibrated with the same buffer. After being washed with the same buffer, the column was developed with a linear gradient of zero to 0.6m NaCl in 20mMpotassium phosphate buffer, pH 8.0, and fractions of 10ml of eluate were collected. The active fractions (135 through 148) were pooled and concentrated by ultra filtration. After dialysis against 50 mMpotassium phosphate buffer, pH 8.0, the dialyzed solution was applied to a Sephadex G-75 column (2.6 x92cm) equilibrated with the same buffer. The column was then developed with the same buffer and fractions of 4ml were collected. The active fractions (23 through 30) were pool-ed, and then concentrated and dialyzed against 20niM potassium phosphate buffer, pH 8:0. The concentrated solution was submitted to slab gel electrophoresis in 8.5% polyacrylamide gels as described by Davis.n) After the electrophoresis, portions containing esterase activity were cut out from the gels and extracted with 20mMpotassium phosphate buffer, pH 8.0, by means offreeze-thawing. The resultant extract was used in the following experiments.
Other methods. Protein was determined by the method of Lowry et al.12) Protein in slab gels was stained with Coomassieblue. The molecular weight was estimated by SDS-polyacrylamide gel (10%) electrophoresis, as described by Laemmli.13)
RESULTS
Purifica tion
The ML-236Besterase activity was extracted effectively with potassium phosphate buffer, pH 8.0, from both frozen and acetonedried mycelia of E. unguis. As shown in Fig. 2 , one peak of activity against ML-236B was obtained on DEAE-cellulose chromatography, which also showed esterase activity toward pnitrophenylbutyrate. Gel filtration on Sephadex G-75 also gave one peak which showed activity against both ML-236B and />nitrophenylbutyrate ( Fig. 3 ). Since the enzyme was not homogeneousafter the gel filtration, it was further purified by preparative slab gel electrophoresis. The resultant purified enzyme was homogeneous as judged on SDSpolyacrylamide gel electrophoresis (Fig. 4) . The purification procedure is summarized in Table I , which indicates the 840-fold purification ofML-236B esterase with a yield of6%.
Effects of pHand temperature
The ML-236Besterase was most active at pH 8 (Fig. 5) , and stable at pH 6-12 but unstable at pH 3-5; the remaining activity being about 20%after treatment at pH 4 and 4°C for 12hr. The ML-236B esterase was unstable at temperatures higher than 30°C. After incubation at 40°C and pH 8.0 for 30min, the esterase activity was about 20%, as compared to the level before the heat treatment ( Fig. 6 ). The ML-236Besterase was assayed as described under Materials and Methods, except that the pH of the reaction mixture was varied as indicated, using 50niM sodium acetate buffer, pH 4 and 5, 50mM potassium phosphate buffer, pH 6 and 7, 50mMTris-HCl buffer, pH 8 and 9, and 50mM glycine-NaOH buffer, pH 10 and ll, respectively. The molecular weight of the purified ML-236B esterase was estimated to be~40,000 by SDS-polyacrylamide gel electrophoresis (Fig.   4 ). Gel filtration on Sephadex G-75 gave the sameresult (Fig. 3 ).
Substrate specificity
The purified enzyme hydrolyzed ML-236B and monacolin K (mevinolin), a compound structurally related to ML-236B, to similar extents (Table II) . Of the /?-nitrophenylesters with different acyl C-chain lengths, pnitrophenylbutyrate was hydrolyzed by ML-236Besterase. However, other esters with acyl chains of C2, C3, C6, C8, C12 and C14 were resistant to the enzyme, there being no detect-able hydrolysis (Table II) . Since both ML-236B and monacoline K are a-methylbutyryl esters, these data indicate that the ML-236B esterase is specific for the C4-chain length. Further more, j8-naphthylacetate, tributyrin, olive oil, B-ANA and casein were not hydrolyzed by the ML-236Besterase (data not shown). The Kmsof the enzyme were 1.3mM for /7-nitrophenylbutyrate and 0.25mM for ML-236B.
Effects of inhibitors
The ML-236Besterase was sensitive to in- Of the /?-nitrophenylesters with varying acyl carbon chain lengths (from C2 to C14) tested, the w-butyryl ester was sensitive to the purified ML-236B esterase but the others were resistant. Further more, ML-236B and monacolin K, both of which have an a-methylbutyryl ester in their structures (Fig. 1) , were similarly hydrolyzed by the ML-236Besterase (Table II) . These observations indicate a high specificity of the enzyme for the C4 chain.
The fact that the ML-236B esterase is strongly inhibited by sulfhydryl reagents (Nethylmaleimide and DTNB) suggests the presence of sulfhydryl group(s) at the active site of the enzyme. In addition, the ML-236Besterase is sensitive to an organophosphate, but resistant to eserine. These observations suggest that the ML-236B esterase is a carboxylesterase (carboxylic ester hydrolase, EC 3. 1.1.1).
The molecular and catalytic properties of carboxylesterases of microbial origin have been studied by several groups, which included enzymes produced by Escherichia coli,14r) Bacillus stearothermophilus,15) baker's yeast16) and Aspergillus niger}1) However, the esterases in these microbes are active against pnitrophenylesters and /?-naphthylesters with varying acyl carbon chain lengths (from C2 to C4), and thus are different from the ML-236B esterase of E. unguis in substrate specificity (Table  II) .
